OBJECTIVE: To investigate physiological differences which could in¯uence the balance between energy expenditure and energy intake, between habitual high-fat (HF) and low-fat (LF) consumers and the potential for weight gain. SUBJECTS: Ten HF and nine LF consumers, all young, lean males (% energy from fat 45.4 and 31.8, respectively). MEASUREMENTS: Habitual dietary variables (from the food frequency questionnaire, FFQ), body mass index (BMI), % body fat (% BF, measured by impedance), fasting concentrations of plasma leptin, glucose and triglycerides. RESULTS: HF and LF subjects (selected for their fat intake) did not differ signi®cantly in BMI or % BF. HF subjects had signi®cantly higher concentrations of plasma leptin and lower concentrations of plasma glucose than LF subjects. In all subjects, concentrations of fasting plasma leptin correlated signi®cantly with BMI, % BF and fat mass; difference in leptin between groups remained signi®cant when BMI and % BF were used as covariants. Leptin signi®cantly correlated with dietary variables; particularly dietary fat (% energy and g) and inversely with dietary carbohydrate (% energy), but showed no correlation with dietary protein or total energy intake. CONCLUSION: Signi®cant differences in concentrations of fasting plasma leptin have been observed between lean male HF and LF consumers. These ®ndings suggest that the difference in leptin concentrations could be associated with a metabolic adaptation which could help to offset the weight inducing properties of high fat (high energy) diets.
Introduction
There is a considerable body of evidence to suggest that high fat diets are associated with weight gain and obesity. 1 Appetite studies indicate that exposure to high fat foods can induce a short term positive energy balance, 2, 3 often without any conscious intention to overeat; this phenomenon has become known as high fat hyperphagia or passive overconsumption. 4 When people are categorised according to the amount of fat eaten in their diet it has been found that habitual high fat consumers (HF; de®ned as eating b 44% fat energy) differ from low fat consumers (LF; de®ned as eating`35% fat energy) on speci®c nutritional and behavioural variables. 5 Additionally, energy and nutrient challenges have recently revealed that the sensitivity of the appetite control system is substantially different in HF and LF consumers. 6, 7 Because of these distinctive behavioural pro®les, HF and LF consumers have been referred to as behavioural phenotypes. 8 Furthermore, it has been shown that lean HF consumers, who are particularly susceptible to passive overconsumption, are characterised by physiological differences (resting metabolic rate (RMR), respiratory quotient (RQ)) which could offset the weight inducing properties of high fat diets. 9 At the present time, it is not known whether the differences between HF and LF phenotypes have a biological basis or simply re¯ect patterns entrained by the nutritional environment; these mechanisms are not mutually incompatible. However, the studies on habitual HF and LF consumers raises the possibility that biological differences concerning both appetite control and metabolism may underlie, at least in part, the development of HF and LF phenotypes. This study extends our investigation of this issue.
In this study we have looked for biological markers that could, at least in part, explain the marked differences between HF and LF consumers. One such potential marker is the peptide, leptin. Leptin is the product of the recently identi®ed obese (ob) gene and it has been claimed to play an important role in the regulation of both food consumption and energy expenditure (and therefore body weight) in several rodent models, raising the possibility that human obesity may be due to defects in the leptin signal system. 10 Leptin is thought to act directly on the hypothalamus after it is released from adipose tissue in response to fat deposition. 11 The leptin system appears to be dysfunctional in rodents with genetic mutations and for a small minority of humans, 12 but the role of leptin in the majority of obese humans is less clear. However, there is widespread agreement that leptin correlates highly with % body fat (% BF) and also¯uctuates with the circadian rhythm and feeding patterns.
This present study has disclosed differences in fasting leptin concentrations between HF and LF phenotypes. In these individuals, de®ned according to substantial differences in habitual dietary fat (and energy) intake, but with similar levels of body fat, leptin concentrations correlated with the absolute amount and % energy of dietary fat intake. Consequently, leptin may be involved in a metabolic adaptation to provide partial protection against the potential weight inducing effects of a (high energy) diet.
Methods

Subjects
Ten habitual HF consumers and ten habitual LF consumers were recruited from the staff-student population of Leeds University. HF and LF were de®ned as consuming b 44% and`35% of energy from fat, respectively, on the basis of a validated food frequency questionnaire (FFQ), 13 modi®ed by Cade.
14 Ninety subjects were screened to achieve ten HF and ten LF recruits. The FFQ consisted of 63 commonly consumed food categories, with six levels for frequency of consumption. Standard portion sizes were used in to analysis. This semi quantitative type of FFQ used here was designed to re¯ect the habitual diet, by allowing people to accurately estimate their dietary and nutrient intakes over the previous six months. In parallel studies, we have con®rmed the data from the FFQ by means of the DINE, 15 food diary records and RQ. 9 All volunteers were male, in the age range 18 ± 25 y and had a body mass index (BMI)`25 kgam 2 , although they were not selected on the basis of BMI.
Design
The purpose of this study was to assess fasting plasma leptin concentrations and a number of other blood parameters in habitual HF and LF consumers.
Procedure
Subjects arrived at the Human Appetite Research Unit, University of Leeds, at approximately 09.00 h having fasted for 14 h and having abstained from alcohol consumption for 48 h. The height of each subject was measured using a stadiometer (KeWe, Germany), and weight was measured, following voiding, on a digital balance (Salter, West Bromwich, UK). Body fat was measured by the impedance procedure (Spacelabs BC-300, Washington, USA). A venous blood sample was then collected from each subject; blood was stored on ice until separation and storage at 7 20 C. Plasma leptin was measured by radioimmunoassay RIA, (Biogenesis, Poole, UK). The interassay CVs were 4.55% at 2.76 ngamL and 6.33% at 13.4 ngamL.
Plasma triglyceride and glucose were additionally measured. Glucose was measured by glucose oxidase (CV 2.4% at 3.5 mmolaL). Triglyceride was measured by GPO-PAP (CV 0.85% at 3.02 mmolaL). Both reagents from Boehringer Mannheim, Lewes, UK.
Statistical analysis
Data are presented as meansAE standard error of the mean (s.e.m.). Data were compared using Student's unpaired t-test and analysis of covariance. Relationships between the variables were analysed by using Pearson correlation coef®cients. All analysis was performed by SPSS for windows program 6.0 (SPSS Inc, Illinois, USA)
Results and discussion
Details of the recruited subjects can be seen in Table  1 . Because of the strict criteria set for estimates of habitual fat consumption and inclusion in the HF and LF groups, 90 male subjects were screened to obtain 20 who quali®ed for enrolment in the study (one subject was eliminated from the analysis because of a protocol violation: incorrect fasting procedure). The variables of energy, fat, carbohydrate (CHO) and protein intakes were derived from FFQ analysis. Table 1 shows the subjects characteristics and indicates that the HF and LF subjects did not differ Table 1 Characteristics of high-fat (HF) and low-fat (LF) subjects (mean AE s.e.m.)
HF (n 10)
LF (n 9) The high-fat phenotype: is leptin involved? J Cooling et al in % BF, fat mass or BMI. However, there were marked differences in total daily energy and fat intakes; and in % fat and CHO intakes. The amount of protein, but not % protein, varied between groups. Table 2 shows that the HF subjects had signi®cantly high plasma leptin concentrations and lower plasma glucose than the LF subjects. Table 3 indicates that the plasma leptin correlated signi®cantly with BMI, fat mass and % BF. However, this was a group effect, as leptin correlated with BMI highly signi®cantly in HF (r 0.88, P 0.001) but not at all in LF (r 7 0.16, P 0.69) (Figure 1 ). In addition, there was a positive correlation between plasma leptin and both total and % dietary fat intake; a signi®cant negative correlation was seen for leptin and % CHO intake, and no correlation with total energy intake.
As in our previous analysis of different HF and LF 7, 9 cohorts, these groups of subjects differed markedly in both the amount and % energy fat consumed (by de®nition). Subjects also differed in total energy intake. However, the groups did not differ in BMI, body weight, fat mass or % BF. Consequently, the HF subjects who were habitually consuming a high fat and high energy diet, did not differ in body composition from the LF subjects. Therefore, it can be concluded that, for these particular subjects, some factor must be conferring protection against the weight inducing action of a high fat or high energy diet. Such a protective factor could be biological or behavioural. At the present time, we have not been able to discern any differences in physical activity levels between any of the cohorts of HF and LF subjects that we have examined. However, we have demonstrated that HF subjects have a higher basal metabolic rate (BMR) and also higher heart rates (resting and sleeping) than LF subjects. 9 The results from the present study are therefore of considerable interest. HF and LF subjects differed signi®cantly in plasma leptin and glucose concentrations (Table 2) , with a tendency to differ in plasma triglycerides. Differences in glucose and triglycerides would have been predicted on the basis of the habitual diet. Elsewhere we have reported clear differences in RQ between HF and LF subjects, 9 again con®rming expectations based on dietary intake. However, the difference in plasma leptin concentrations was not expected.
The study showed clearly that plasma leptin correlated signi®cantly with BMI, % BF and fat mass. These correlations are impressive in view of the fact that body composition measures were obtained with the bioimpedence method. These ®ndings are consistent with now well accepted relationships. 10 Because of these strong correlations, an analysis of covariance was performed in order to control for the effect of % BF on the relationships between leptin and nutrient variables. With % BF as a covariant, plasma leptin still differed signi®cantly between HF and LF (F[1,16] 2.82, P`0.04). Plasma leptin correlated signi®cantly with the absolute (g) of fat consumed (r 0.51, P 0.02), % fat intake (r 0.52, P 0.02), but not with total energy intake (r 0.32, P 0.18). These correlations appear to be independent of the body composition measures, as leptin levels showed negative correlation with % CHO (r 7 0.53, P 0.02) and no correlation with CHO gad intake (r 7 0.10, P 0.70), which was almost identical in the two groups.
This study has reported that two groups of young adult male subjects have signi®cantly different fat (and energy) intakes, but were not signi®cantly different in BMI and body composition. It should be pointed out that this study can only identify associations (and not causal relationships). However it can be hypothesised that some mechanism must be preventing the HF (high energy) subjects from gaining weight. One possible interpretation of these ®ndings is that it is the higher plasma leptin in HF subjects Signi®cant differences between HF and LF (independent t-test): *glucose t 2.27, P`0.05; leptin: t 2.38, P`0.05. Figure 1 Correlation between BMI and leptin. The high-fat phenotype: is leptin involved? J Cooling et al which is conferring a protective action, and which could account for the increased BMR observed in HF subjects (compared to LF). 9 It is possible that this action only occurs in young adult males; any protective effect against a high fat diet may not be present in more elderly men or in women.
